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Abstract 
Nowadays, parabolic trough collectors constitute the first concentrating solar thermal technology regarding global installed 
power. Central receivers and Fresnel receivers appear with smaller value and commercial solar dishes power are practically 
negligible. Several features have driven parabolic troughs to this first position, but some disadvantages are appearing, i.e. the cost 
reduction is not as quick as expected, the flexible or ball joints constitute leak problems with high pressure and temperature, and 
simplification of the mechanical structures is quite difficult. At this point, Fresnel receivers appear as a main competitor with 
troughs, offering lower cost but also lower efficiency; if the reduction in cost is higher than in efficiency, or if Fresnel efficiency 
is improved, there are potential facts which can make this simpler technology more competitive than trough collectors.  
In order to improve the Fresnel capabilities, it could be useful to analyze its optical properties. One important feature of Fresnel 
solar fields is that receiver and concentrator are mechanically separated, providing the system of a new freedom degree in 
comparison with trough collectors. This degree of freedom can be used in multi-tube receivers, using the high intensity thermal 
flux impinging in the receiver to illuminate the tubes where the fluid has higher film coefficient (i.e. where the phase change 
occurs) to obtain a high thermal efficiency, and using the lower thermal flux for preheating and reheating. 
The idea presented in this paper is to use a multi-tube Fresnel receiver with an adequate optical system that permits tailoring the 
thermal flux mapping in the receiver in coherence with the convection process of the thermal fluid. In order to obtain this 
objective, the mass flow will undergo preheating through the peripheral tubes (where the radiation flux will be lower due to the 
tracking, mirrors shape and sun shape errors) and will be driven afterwards to the high intensity thermal flux, where boiling (that 
implies high film coefficient values) takes place. A four tube receiver configuration, according to these ideas, will have two main 
possibilities. The first one a one-way mass flow through the peripheral tubes (inlets to the receiver) and a second pass inside the 
internal tubes (outlets). The second possibility assumes the mass-flow inlet receiver through one peripheral tube and the exit at 
the other one, the mass flow passing consecutively through the other two tubes. 
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1. Introduction 
A critical decision in the design of a solar thermal power unit is the choice of the radiation concentration 
geometry, which is in turn connected with the thermal flux needed in the receiver for fulfilling the required 
conditions of the steam. A reference objective in this context is a steam Rankine cycle operating with a maximum 
temperature between 300 ºC and 400 ºC, values that are enough, for example to obtain energy in a nuclear power 
plant [1]. Other alternatives, as Organic Rankine Cycles and Brayton cycles (either direct or inverse), do not yield 
better efficiencies at this level of temperature, which is conventional for standard power plants and even too high for 
nuclear light water reactors [1]. Within this scope, an analysis was carried out to assess the potential of linear 
receivers (specifically Fresnel receivers) to achieve thermal results in the range previously stated [2]. This analysis is 
applied to a new solar field concept that will be described in the main text and takes its basis on authors’ previous 
works [3, 4, 5], taking into account the receiver that corresponds with the scheme of Figure 1. 
 
  
Fig. 1. Sketch of the cross section of a general linear receiver. This sketch is adequate for Fresnel arrays or solar boiler [4] modules, but it can also 
be used for understanding the general behavior of linear receivers. 
 
Nomenclature 
ηthermal Fresnel multi-tube thermal efficiency 
ηexergetic Fresnel multi-tube exergetic efficiency 
L Ferenel receiver length 
∆P Fluid pressure drop at Fresnel multi-tube receiver 
B Pumping power required for the defined ∆P 
 
In the referenced works some important variables are identified as key variables in the design: 
x Receiver: impinging concentrated thermal flux, tubes diameter and length 
x Fluid: Inlet temperature, mass flow, pressure (if the fluid is compressible) 
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In the case of a receiver for DSG, it can be added to the above list the steam quality of the steam at the exit of the 
boiler receiver. Some of these important variables can be analyzed in a shorter design window, the values of trough 
collectors, in works as [6] and [7]. These works are an example of available bibliography that attends to the scheme: 
defined technology Î capabilities analysis. In the authors’ work [2] the scheme is oriented in opposite way, trying 
to identify the required design values to obtain the adequate thermal output and then determine the adequate 
technology. This result reveals the advantages of a multi-tube system (higher thermal and exergetic efficiency, lower 
receiver steel mass, higher use of the impinging thermal flux [8]).  
But some news advantages can be developed attending to the main features of the Fresnel technology: receiver 
and concentrator have mechanical independency. 
Other point to take into account is the real thermal profile that appears in the receiver, which has approximately 
the shape of figure 2 [8] when all the linear mirrors focus on the same line. 
 
 
Fig. 2. Approximated sketch of the concentrated solar thermal profile that appears in the receiver [8]. 
 
In relation with this thermal flux profile (figure 2), the obtained results in [2, 3] appear in a new dimension, due to 
the great relation between thermal flux and fluid behavior in order to obtain a great receiver performance. 
This typical Gaussian shape appears also in the trough collectors, but in this case in a modified way due to the 
curvature of the concentrator (mirror) and the shadow of the tube over the mirror, as can be seen in figure 3. 
 
Fig. 3. Characteristic thermal flux impinging in the receiver tube distribution in a trough collector [9]. 
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2. Technical aspects of direct steam generation in trough collectors and Fresnel 
Several configurations have been developed to the exploitation of direct steam generation technology in order to 
obtain it through linear receivers (trough collectors and Fresnel). In the case of trough collectors three types 
completely characterized by theoretical and experimental analysis have been studied: recirculation, injection and 
once-through [10] (figure 4). 
 
 
 
Fig. 4. Circulation modes for direct steam generation [10]. 
 
These three configurations can be used with Fresnel receivers attending to the similitudes between trough 
collectors and Fresnel: both use linear receivers and a concentrator with a parabolic shape, with the difference that 
trough collectors have one parabola and Fresnel has multiple parabolas (figure 5). 
 
 
Fig. 5. Sketches of trough collector and Fresnel parabolic shapes of their concentrators. 
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With trough collectors, regulation on once-through mode can develop the requirement of injectors in order to 
avoid dangerous temperatures in the re-heating receivers, but in the case of Fresnel receiver (mono or multitube) this 
could be easier, because the defocusing of some mirrors can develop the adequate impinging thermal flux on the 
receiver for the allowed temperatures in any case. 
3. Thermal flux possibilities 
Attending to the features indicated in the previous paragraphs, the possibilities of using the de-coupling between 
receiver and concentrator open a new design window in terms of efficiency and transients control by focusing and 
de-focusing only some mirrors of the pair concentrator-receiver. In this way it appears the possibility of coupling 
thermal flux and fluid behavior, or more concretely film coefficient.  
In this way going backward to attend to previous results [3] related with thermal flux and film coefficient become 
really relevant to this issue, and then it is required to put an eye on the relation between thermal flux, forced 
convection film coefficient and boiling coefficient. 
Table 1. Film coefficients with water and thermal fluxes (from [2] for 10 tubes and 20% steam quality configuration – the steam density low 
value in comparison with water density value implies near 10 times higher speed, and for hence higher film coefficient). 
Convection type Characteristic film 
coefficienct 
(W/m2K) [11] 
Characteristic film 
coefficient 
(W/m2K) [11] 
Thermal flux 
(kW/m2) 
Film coefficient 
ratio (boiling 
reference) 
Forced convection liquid water 100-1500 ~200 25 2.0% 
Forced convection liquid water 100-1500 ~380 50 1.6% 
Boiling water 2500-25000 ~10000 25 100.0% 
Boiling water 2500-25000 ~24000 50 100.0% 
Forced convection steam 100-2000 ~1000 12.5 10.0% 
Forced convection steam 100-2000 ~1600 25 6.7% 
 
Looking for a similitude in the hydraulic science, if someone wants to evacuate a very big water flow, it is 
required a very big sink. In the field of heat transfer the water flow is the thermal flux and the sink is the product 
‘film coefficient • temperature difference between fluid and surface’: big temperature differences are dangerous for 
materials, then it is required that the film coefficient must be coupled with the thermal flux: higher the thermal flux, 
higher the film coefficient. 
With this basis the design proposal must follow the following guide:  
x preheating with low impinging thermal flux 
x boiling with high impinging thermal flux 
x reheating with low thermal flux 
Attending to this small guide, some proposals can be done as the figures 6 and 7 illustrate, but others possibilities 
are not described in this work, as for example modifying the center line of the Gaussian impinging thermal flux 
distribution. 
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 Fig. 6. Preheating and reheating in peripheral tubes and boiling in central tubes: once trough mode 
 
Fig. 7. Two receivers, preheating in peripheral tubes and boiling in the central ones (receiver #1); reheating in the second receiver with higher 
impinging thermal flux as higher the fluid temperature. 
4. Impinging thermal flux shape effect on boiling receiver features  
Usual simulations use the thermal flux shape impinging in an absorber tube as a constant value [12]. For a multi-
tube receiver the receiver can be considered to have a constant value that results from the total power arriving to the 
receiver and the surface where the power can be utilized. Then, multi-tube receiver can be analyzed with an 
interesting correction level, but is known that the shape of the impinging thermal flux on the receiver is not 
homogeneous, and usually is more similar to the presented in figure 3 (normal distribution profile) than the 
presented in figure 2 (constant value distribution profile). 
These ideas can be evaluated and analyzed in order to obtain new criteria for the design in order to improve the 
Fresnel features, trying to reduce the cost. 
According to mass flow distribution along the boiler receiver of figure 7, with referenced values (table 2, [2, 13]) 
values some results can be obtained for different impinging thermal flux shapes: constant and normal. 
Table 2. Characteristic values. 
Parameter Value 
Saturation conditions 55 bar & 270ºC 
Inlet temperature 140ºC 
Boiler steam quality exit 20% 
 
 
According to Puerto Errado reference values, a preliminary analysis can be done in order to reveal the main 
advantages and disadvantages related with the use of constant distribution and the more real normal distribution in 
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the receiver width. This analysis has been done with the validated computational tools from previous authors’ works 
[2-5]. 
Figure 8 shows the exergetic efficiency defined as it has been done in [3] (variation for the two considered 
receiver thermal flux shape for the multi-tube configuration of 4 tubes in a width of 50 cm characterized) or in [4] 
(when this receiver is applied for the boiler of the configuration showed in figure 6). It is considered that the receiver 
is heated by a mean thermal flux value of 20kW/m2 [2]. It can be seen in figure 8 that the normal distribution gives 
better results, this means that the simplified way of calculation drives to a pessimistic scenario. This effect is related 
to the fact that if boiling is produced in the receiver central-tubes, the higher film coefficient will appear in this area, 
that is the best to couple with higher thermal flux [3,4]. Also, in figure 8 it can be seen that the longer the length the 
lower the exergetic efficiency in both cases because the pumping power increases with length: as the thermal flux 
impinging in the receiver is constant, the longer the length the higher the energy impinging and then the mass flow 
must be higher in order to maintain the steam quality at 20%. If mass flow is higher, the fluid velocity too: for hence, 
the pressure drop will be higher, because the diameter and number of tubes in the receiver is maintained. Another 
consequence is that the higher the mass flow and the fluid velocity, the higher is the value of the film coefficient, and 
then this reduces the value of external temperature for the same thermal flux impinging in the receiver [11] 
increasing the thermal efficiency. 
 
 
 
Fig. 8. Thermal and exergetic efficiencies vs. multi-tube receiver length 
 
But a deeper analysis, a more detailed impinging thermal flux in the receiver, also has interesting consequences in 
the design of the pumping system of the plant: in figure 9 it can be seen the evolution of pressure drop in coherence 
with figure 8 results. In the considered recirculation scheme, the total required pumping power with constant 
impinging thermal flux results considerably higher than in the case of the normal distribution. 
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Fig. 9. Receiver pipes pressure drop and total pumping power vs. multi-tube receiver length (pumps efficiency 60%) 
 
Such differences can be better seen for some given lengths, analyzing the percentage discrepancy in the most 
important variables of normal distribution vs. constant distribution, see table 3. 
Table 3. Comparative analysis for 200 m and 1000 m 
Variable Constant distribution 
200m           1000m 
Normal distribution 
200m           1000m 
Difference 
200m           1000m 
Mass flow (kg/s) 0,9806         4,9100 0,9929         4,9730 1,25%         1,28% 
Thermal efficiency (-) 0,8620         0,8639 0,8728         0,8749 1,24%         1,27% 
Exergetic efficiency (-) 0,3888         0,3879 0,3937         0,3942 1,24%         1,37% 
Pressure drop on receiver tubes (bar) 0,0125         1,0280 0,0097         0,8233 -24,7%         -20,0% 
Total pumping power (W) 5,7               2337 4,4               1893 -23,7%         -19,0% 
 
From the results of table 3, it can be deduced that if the radiation has higher concentration in the tubes where the 
film coefficient is higher the thermal efficiency is increased. In the case of exergetic efficiency the same effect 
appears, but it is more important with longer lengths, where the inherent boiling effect is higher. This happens 
because if boiling appears in shorter length, the total pressure drop is lower, and for hence smaller the pumping 
power that affects to the exergetic efficiency. 
5. Conclusions 
The present work describes new possibilities about the design of Fresnel receiver in order to produce direct steam 
generation, attending to a new design window: 
x preheating with low impinging thermal flux 
x boiling with high impinging thermal flux 
x reheating with low thermal flux 
The physical configuration for this purpose must be similar to the ones presented in figure 7 and figure 8, not 
being adequate the same direction flux in all the tubes of a multi-tube receiver because of the heterogeneity of the 
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impinging thermal flux shape. This result (impinging thermal flux related with film coefficient) is related with 
previous authors’ work [2,3] and appears as their consequence to direct steam generation when the thermal flux 
impinging in the receiver is considered as a ‘real’ thermal profile. This thermal profile has an important influence on 
very important parameters such as the pump design. Therefore, the receiver impinging thermal flux must be 
adequately considered in the design of concentrated multi-tube solar receivers. 
6. Future works 
Some future works appear directly from the obtained conclusions: 
x Thermal and optical analysis of this new concept is required in order to obtain the new possibilities of its 
different configurations 
x These possible different configurations must be optimized in order to obtain the optimized solution, for example, 
saving inversion taking into account that several receiver-tubes are going to receive lower thermal flux 
x The optimization of the heat transfer process and the receiver impinging thermal flux must be further developed 
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